Abstract. In scientific papers, citations refer to relevant previous work in order to underline the current line of argumentation, compare to other work and/or avoid repetition in writing. Self-citations, e.g. authors citing own previous work might have the same motivation but have also gained negative attention w.r.t. unjustified improvement of scientific performance indicators. Previous studies on self-citations do not provide a detailed analysis in the domain of computer science. In this work, we analyse the prevalence of self-citations in the DBLP, a digital library for computer science. We find, that approx. 10% of all citations are self-citations, while the rates vary with year after publication and the position of the author in the list as well as with the gender of the lead author. Further, we find that C-ranked venues have the highest incoming self-citation rate, while the outgoing rate is stable across all ranks.
Introduction
Scientific work is iterative, findings and discoveries usually lead to new questions waiting to be answered [7] . Consequently, scientific publications, which are the communication of the scientific process and its findings are also iterative and built upon each other. This means, that self-citations, e.g. authors citing their own previous work in publications are an inherent property of the scientific process [10, 11] . They, however, also gained a negative connotation due to their abuse regarding performance indicators of scientists [20, 6, 2, 10, 11] . As a result, scores for detecting likely unfair self-citations have been developed e.g. [3] . In this paper, we characterise the prevalence of self-citations in the domain of computer science according to different factors such as publication year, author gender, conference/journal rank and author positions. We base our analysis on the DBLP computer science bibliography [17] , a major bibliographic reference for computer science papers containing more than 3 million publication records as of October 2017. Additionally, we use the conference ranking provided by the Computing
Research and Education Association of Australasia (CORE rankings)
3 to enrich the DBLP data.
Previous work identified different reasons for self-citations (for a complete list see [5] ). For instance, in scientific fields with incremental contributions, (own) previous work is cited to avoid duplicate material. Also, in small research areas with a limited number of publication outlets and researchers, citing one's own work is highly prevalent. Thus, we want to emphasise that we provide a quantitative analysis of self-citations, but we do not make an assessment whether a self-citation is justified or not.
The next section outlines some already available statistics, which are mostly available for domains other than computer science. Those statistics are impractical to compare, because of different quantifications. We define our notions in section 3 and continue with the description of our approach followed by the experiments, which are ought to answer questions similar to "how does factor X influence self-citation rates?"
Related Work
Different studies have analysed self-citation rates and their influencing factors. The most comprehensive study w.r.t to time coverage comprised approx. 1.8 million JSTOR papers from the period of 1779 to 2011 and found an average selfcitation rate of 23% (counting outgoing author self-citations) [12] . The only study explicitly covering computer science found a rate of 24% of incoming author self-citations in Norway [1] . Self-citation rates have been found to decrease over time (e.g. [4] ), and vary across countries [21, 22] and research fields [21, 22, 8, 12] . Also, collaboration was identified as an influencing factor (e.g. [18, 15, 9] ), albeit it seems only important whether papers are single-author or multi-author papers and not how many authors collaborated [9] . While age does not seem to have an influence on self-citation rates [4] authors' gender has a clear impact. According to [8, 12] men cite themselves more often. Ghiasis et al [8] found a gender gap in self-citation behaviour of approx. 35% (with variance across scientific fields and time). The quality of publication venue has also been identified as influencing factor in a small-scale study (643 paper) in the domain of ecology: self-citation rate increased with the impact factor of journals [15] . Apart from the average citation rate of 24% in Norway [1] there is no analysis available for the domain of computer science. In this paper, we analyse the computer science bibliography to this end and compare the findings with results from previous studies in different domains.
Problem Statement
Following previous work [5, 9] we distinguish between author and paper selfcitations as follows: Let s and t be papers with s citing t and let A(s) and A(t) be the respective sets of authors. A paper self-citation scp is any citation for which the author sets of both papers overlap, i.e., A(s) A(t) = ∅. Let s and t be papers with s citing t and let a be an arbitrary author of paper s. A citation is an author self-citation sca if author a is also in the author list of paper t, i.e., a ∈ A(s) A(t). Author self-citations are also termed authorship self-citations [12] or self-citations at micro level [9] . We further distinguish between incoming and outgoing self-citations, also referred to as synchronous and asynchronous self-citations [14] . We define sc in as the number of self-citations a paper receives and sc out as the number of self-citations in its reference list. Further, we define self-citation rates as the number of self-citations normalized by the number of citations. Thus, sc , with in G being the in-degree and out G being the out-degree of the respective node in the citation graph G. Note, that both definitions can be applied to author self-citations sca in a similar fashion.
The goal of this paper is to analyse the occurrences of self-citations with respect to different characteristics of papers (publication year, number of authors, conference/journal rank) and authors (gender, position in author list).
Approach
For characterizing self-citations, we use the DBLP citation graph, identify selfcitations, enrich the papers' metadata with ranking information from the CORE database and assign a gender attribute to the authors.
An overview of the procedure is depicted in figure 1 . On the left, the structure of the DBLP citation graph is shown. The graph G = (V, E) consists of nodes v ∈ V representing papers, and directed edges e ∈ E representing the "cite"-relationship. An edge (u, v) means, that paper u cites paper v. For all nodes, the following metadata is available: paper title, author list, publication venue and year 4 . The graph is directed and in general acyclic, however, the latter property can be violated, as some accepted publications might be referenced before they are published. After the identification of self-citations and the enrichment of conference/journal ranks we obtain a graph G = (V, E ) with E ⊂ E and e ∈ E representing the "self-cite"-relation. Additionally, the metadata for each node with conference/journal information either contains the corresponding rank or "unknown" if the publication venue cannot be found in the CORE database (cf. figure 1, right) . Importing this graph into a graph-based database such as Neo4j allows easy extraction of both, paper self-citations and author self-citations according to the definitions in section 3.
Author name disambiguation
A core problem of citation analysis is to identify the person an author's name is referring to. Name homography, i.e., two equal strings referring to different persons, leads to mixed citation errors, while name variability, i.e. two different strings referring to the same person, leads to split citation errors [16] . The DBLP database uses a semiautomatic approach including feedback collection from the scientific community to author name disambiguation [19] . While 100% accuracy cannot be ensured, especially since > 1000 publications are added each day [19] , we consider the remaining errors to be insignificant w.r.t. aggregated statistics, however, this assumption remains to be proven.
Rank enrichment
Most publications in the DBLP database contain the name of their publishing venue (conference/journal), which is used to determine the rank of the publication, based on the year it was published and the rating the corresponding venue had at that time. In order to match the correct venue from the CORE database, a string comparison method is used that takes abbreviations and small string differences into account. We found that in almost all non-trivial cases the DBLP database uses very similar, but smaller sub-strings of the actual venue name taken from the CORE database. As it is very important that these non-trivial matched do not add any false positives, a match is found only if each word of the sub-string is present and they account for 70% of the words of the actual name. Out of all 3,079,007 papers, 506,699 did not include any information about their publishing venue. From the remaining publications, a CORE conference rank was assigned to 437,613 (17.01%) (including the rank "Unranked").
Gender enrichment
In order to determine the gender of an author, we match the author's first name (given name) to country-specific name lists following the approach from [13] . First, all authors were matched to the list from the US Census 5 , which contains 1219 male names and 4275 female names. Ambiguous names (names that appear in both lists) were labelled as unisex unless they are 10 times more frequently used for one gender. If an author's name is not present in the US census list, then it is matched with a comprehensive list of international names taken from Wikipedia and two popular baby name databases 6 . Combining both sets we of these names contained abbreviated first names or only initials. In total, 54% of all author names and 59% of non-abbreviated names could be assigned a binary gender. This is comparable to other work, where 56% of all authors could be assigned a binary gender [12] . Table 1 summarises the data set after enrichment.
Experiments
The leading questions for the experiments were: We expect the number of self-citations to increase when the number of citations increases (Q-C ), but the self-citation rate sc r to be decreasing with the number of citations as found in other studies, e.g. [1] . For question Q-Y we expect an increase of the self-citation rates over time for two reasons: First, with the increasing complexity of the scientific discoveries research becomes more incremental. Second, the academic culture has changed over years and emphasizes citation counts and performance metrics over publications leading to phenomena like least-publishable units and publish-and-perish. With respect to rank (Q-R) we do not expect any differences in self-citations rates. On the one hand, lower ranked conferences are used to publish minor improvements and adaptations and therefore boost self-citations, on the other hand, higher ranked conferences publish larger, more comprehensive bodies of scientific work, which might also result in more self-citations. We expect multi-author papers to have a higher self-citation rate than single-author papers, while the number of authors does not have much influence as has been found in other corpora [9] . Further, we expect last authors to have more self-citations than first or middle authors (Q-P ) because in computer science last authors are usually supervisors, they are more senior and have published more papers themselves. For the gender-aspect of selfcitations (Q-Y ) we expect a higher self-citation rate for male authors than for females as indicated by previous work for other research fields [8, 12] .
Results
In this section we show the results of the analysis organised by the previously introduced experiment questions.
Self-citations by total number of citations (Q-C)
In the corpus, 18.67% of all papers do not have any outgoing citations, 51.56% do not have any outgoing and 60.28% do not have any incoming self-citations. Figure 2 and 3 provide an overview of the relation between citations and selfcitations. Both, the number of outgoing and incoming self-citations increases with the number of citations, while the outgoing ones show a steeper increase (see figure 2) . On average, the rate of outgoing and incoming self-citations for papers with at most 50 outgoing citations is 14.16% and 14.75% respectively (9.44% and 11.40% for all papers), while both rates are not constant over the number of citations (cmp. figure 3) . These numbers are considerably less than the numbers reported in a previous study (24% incoming), which included only 283 computer science papers from Norway [1] . Similar research on other domains has shown, that the number of outgoing self-citations varies significantly depending on the research field (e.g. 6.3% for law and 12.3% for math) [12] . 
Self-citations by year (Q-Y)
From the 1960s onwards the rate of outgoing self-citations remains relatively constant over time. This period covers most of the publications in the database (cmp. Figure 4) . On the contrary, the rate of incoming self-citations started to increase in approx. 2000. As figure 5 shows, papers receive most citations up to 10 years after publication, and the highest rates of self-citations in the first years, which is in line with previous observations in other domains [1, 9] . Surprisingly, we found papers that were cited before they were published. We investigated those papers in more detail and found that this is due to citations made to books or collections containing older publications. The DBLP database seems to misidentify very few of these publications as recent works, which however only affects 0.7% of all citations.
Self-citations by rank (Q-R) and author gender (Q-G)
The self-citation rates with respect to rank are shown in figure 6 , "Other" aggregates the ranks New, National:Spain, L and Regional. The outgoing citation rate is relatively stable across all ranks, but the incoming self-citation rate varies, being 11.69% for A* conferences and 26.35% for C conferences. Figure 7 illustrates the outgoing and incoming self-citation rates with a first author of a specific gender. Publications with a male first author tend to have significantly more outgoing self-citations than papers with female lead authors. However, publications with a female first author receive more incoming self-citations. This observation is in line with findings in domains [9] . 6.4 Self-citations and authors (Q-A and Q-P) Figure 8 depicts the relation between the number of authors and the self-citation rates, showing papers with at most 10 authors (99.5% of all papers). As a tendency, the outgoing and incoming self-citation rate increases with the number of authors (denotes n a ). The Pearson correlation coefficients in regards to selfcitations are ρ(n a , sc out r ) = 0.89, ρ(n a , sc in r ) = 0.81 and ρ(n a , c out r ) = 0.50, ρ(n a , c in r ) = 0.48 regarding the total number of citations (normalized by the number of papers). The general tendency is in line with previous studies in other domains [9] , but we additionally observe a correlation between number of authors and (self-) citation rates. Figure 9 depicts the relation of author position and self-citation rate for papers with at least one outgoing self-citation. We depict author self-citations w.r.t. to the total number of outgoing citations (blue bars) and the total number of outgoing self-citations (orange bars) in the corresponding subset of the data. These subsets contain all single-author papers (condition "Single") and all papers with at least two authors (conditions "First" and "Last"). From all citations in single-author papers, 14.8% are self-citations. From all citations in multi-author papers, 7.7% are self-citations that include the first author and 9.1% that include the last author. With this, the first author is part of 50% of all self-citations in multi-author papers, while the last author is involved in 60% of all self-citations. These values do not sum up to 100% as both authors can be part of the same self-citation. This means single authors do more self-citations than first or last authors, but last authors have more self-citations than first authors. 
Summary & Future Work
In this paper, we analysed the prevalence of self-citations in the domain of computer science based on the DBLP citation graph. We found an average incoming and outgoing self-citation rate of 9.44% and 11.40%, respectively. As in other domains, self-citation rates were highest in the first years after publication. The outgoing self-citation rate is relatively stable across conference rank, but the incoming rate differs across ranks, with C-rated venues having the highest rate. Further, we found, that the more authors, the higher the rates of outgoing and incoming self-citations are, while last authors have higher self-citation rates than first authors for multi-author papers. Papers with male first authors have a higher outgoing self-citation rate, while papers with female first authors have a higher incoming self-citation rate. In this study, we presented statistical observations without in-depth interpretation. Future work could address the questions that arise from these findings. One might consider investigating the reasoning behind the opposing self-citation rates of male and female lead authors or find arguments for the amount of incoming self-citation of C ranked venues. Furthermore, we considered every attributed (e.g., rank, year) on its own. Further analysis could reveal how attribute combinations influence the (self-) citation rates.
